Down-regulation and recycling of insulin receptors. Effect of monensin on IM-9 lymphocytes and U-937 monocyte-like cells.
Receptor down-regulation is the result of various cellular processes including receptor internalization, new synthesis, and recycling. Monensin, a monocarboxylic acid ionophore, has been used to characterize the role of recycling in the metabolism of insulin receptors on two cultured human cell lines, U-937 and IM-9, which have different rates of internalization. The U-937 monocyte-like cell internalizes insulin receptors readily. Incubation with monensin at low doses (10(-6) to 10(-7) M) for 2 h did not affect subsequent surface insulin binding. However, the drug markedly enhanced insulin-induced down-regulation. Monensin had little effect on ligand internalization in this cell line as demonstrated by quantitative morphometric analysis. The IM-9 lymphocyte, a slow internalizer, was less sensitive to monensin exposure. Prolonged exposure (12 h) to this compound of either cell line resulted in apparent inhibition of insertion into the surface membrane of both newly synthesized and recycled receptors. When solubilization was used to quantitate total cell receptors, there was essentially no difference in intact cell binding (i.e. surface receptors) and total cell binding in IM-9 cells when insulin-induced down regulation alone was compared to insulin and monensin. By contrast for the U-937 cells there was only a small further decrease in binding when monensin was added to insulin in the solubilized cells compared to the marked augmentation of down-regulation when monensin was added to insulin in intact cells. These data demonstrate that cells with a rapid internalization rate have an associated active recycling process. By contrast cells with a slow internalization rate have a similarly slow recycling rate. This is consistent with relatively equal rates of receptor biosynthesis and plasma membrane insertion in both cell types.